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Short Communication

Effects of piperitenone oxide on
the intestinal smooth muscle of
the guinea pig
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Universidade Federal do Ceard, 60430-270 Fortaleza, CE, Brasil

Abstract

We investigated the effects of piperitenone oxide (PO), a majk¢y words
constituent of the essential oil Bfentha x villosapn the guinea pig - Piperitenone oxide
ileum. PO (30 to 740 ug/ml) relaxed basal tonus without significantlyMentha x villosa
alterating the resting membrane potential. In addition, PO relaxetieum
preparations precontracted with either 60 mMbK5 mM tetraethyl- * Essential oil

ammonium in a concentration-dependent manner. At concentratiérié“stdleP:ez‘?‘xaﬁon
from 0.1 to 10 pg/ml PO potentiated acetylcholine-induced contrac- ceyicholne .
. . . . . . K*-induced contraction
tions, while higher concentrations (>30 pg/ml) blocked this response.

These higher PO concentrations also inhibited contractions induced
by 60 mM K. PO also blocked the components of acetylcholine
contraction which are not sensitive to nifedipine or to solutions with
nominal zero C& and EGTA. These results show that PO is a relaxant
of intestinal smooth muscle and suggest that this activity may be
mediated at least in part by an intracellular effect.

Piperitenone oxide (PO; a monoterpenoithave reported activity of the essential oil
ketone) is an important chemical constituen(6,7)of Mentha x villosa(EOMV), indicat-
of the essential oil of manylenthaspecies ing the high content of PO, in addition to 23
such asMentha longifolia M. rotundifolia,  other minor constituents (8-10). The wide-
M. suaveolensM. spicata.., andM. x villosa spread use dflentha x villoséhas stimulat-
(1). Some Menthaspecies are widely em- ed pharmacological studies on extracts of
ployed in folk medicine as ansiolytics and tathis plant and its constituents.
treat digestive problems and diarrhea with Since in a preliminary study we found
blood in the stools, as is the caseM@ntha that PO was active on skeletal muscle (11),
villosa in northeastern Brazil (2Mentha x we decided to investigate whether this sub-
villosa has been shown to exhibit antiparastance is active on smooth muscle. Our data
sitic actions in amebiasis, giardiasis and urandicated that PO relaxes intestinal smooth
genital trichomoniasis (3-89nd has been muscle by a mechanism that may involve an
exploited by the local phytotherapeutic in-intracellular action on smooth muscle fibers.
dustry under the nanientha crispaStud- Male guinea pigs (200 to 300 g) were
ies on the identification of its active principle sacrificed by a blow to the base of the skull
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and 2-cm pieces of the ileum were dissectedf an electrometer (W.P. Instruments Inc.,
from the ileum segment 10 to 20 cm proxiimodel M4-A, New Haven, CT) and moni-
mal to the ileocecal valve. The material wasored on an oscilloscope (Tektronix, model
allowed to equilibrate for 1-2 h in 10-mI 5111A, Beavertan, OR). At least ten cells
chambers containing Tyrode solution (comwere randomly impaled in each preparation,
position: 136 mM NacCl, 2.6 mM KCI, 0.98 five in the presence of PO and five were used
mM MgCl,, 2.0 mM CaCJ, 0.36 mM as control. In cells with the transmembrane
NaH,PQ,, 11.9 mM NaHCQ, and 5.5 mM potential oscillating rhythmically, the peak
glucose), pH 7.4, maintained at°@7 and negative voltage was recorded.
bubbled with air. In solutions with elevated The results are reported as mean + SEM,
potassium levels, NaCl was simultaneouslyvith the number of experiments given in
decreased to maintain osmolarity. Acetylparentheses. Differences were considered to
choline (ACh), tetraethylammonium (TEA) be significant when £0.05. The Eg, and
and PO solutions were prepared by addinCs,values were calculated by interpolation
the substance directly to the Tyrode solufrom semi-logarithmic plots.
tion. All reagents used in this study were PO (30 to 740 ug/ml) elicited a progres-
analytical grade, and purchased from Sigmsively increasing relaxation of the ileum
Chemical, Merck, or Reagen. PO (molecula(EG;,: 79.7 + 17.4 pg/ml, N = 14), with the
weight 166.099) (12) was isolated (13) ananaximal effect correspondingto 13.5 + 3.0%
kindly provided by the Laboratério de of the amplitude of contraction induced by
Produtos Naturais of the Universidade Feds0 mM K* (Figure 1A,B) and was reversible
eral do Ceara. PO isolation was a by-produetpon PO removal in all cases. Preparations
of the isolation of the EOMV (13). Briefly, precontracted with 60 mM¥or 5 mM TEA
steam was percolated through freshlyere relaxed by piperitenone oxide (30 to
chopped plant leaves and collected into @30 pug/ml) in a concentration-dependent
glass condenser. Upon separation of the estanner, with IG,values of 150.8 + 16.3 (N
sential oil from the condensed water, the 8) and 200.8 + 21.5 pg/ml (N = 10),
water phase contained pure PO (as deteespectively (Figure 1C). This relaxant ef-
mined by gas chromatography and mass spdect of PO in the presence of 60 mM,K
trometry, GC/MS) due to the relatively highwhen all neuronal action potentials are
water solubility of PO compared with otherblocked by inactivation of the fast sodium
EOMV constituents. PO was recovered fronthannels (14), strongly argues against the
water with dichloromethane and purified byinvolvement of a nervous mechanism in the
evaporation of dichloromethane. The absencaction of piperitenone oxide. Moreover, this
of dichloromethane was confirmed by GCfkffect at 60 mM K also indicates that the
MS analysis. When Kwas used as the con-smooth muscle relaxant action of PO is not
traction stimulus (potassium contraction) anediated by the opening of membrane K
nutrient solution containing 60 mM*Kvas channels.
substituted for 2 to 3 s for the normal Tyrode The transmembrane potential of ileal
solution. The contractile amplitude meassmooth muscle was not affected by PO in
ured was the peak deflection. Mechanicahormal Tyrode solution (5 mM*#; the mean
responses were recorded with an isotonigalues were -56.4 + 1.0 mV (N = 17) and
lever and a kymograph. -50.7 £ 0.9 mV (N = 23) in the absence and
Transmembrane electric potentials werg@resence of PO (100 pg/ml), respectively.
measured with micropipettes (50-1002M However, in the presence of 60 mM ke
tip resistance) filled with 3 M KCI and con- membrane potential was significantly more
nected by a silver chloride wire to the inputhegative in the presence of PO (100 pg/ml):
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-25.1 + 0.8 mV (N = 25) compared to thesignificantly different, suggesting that the
mean control value of -21.0 £ 0.5 mV (N =inhibitory effect of PO is nonspecific and is
24). This difference, however, is too small tanot a selective effect on neurotransmitter
explain any smooth muscle relaxant effect afiction. The potentiation of the ACh-induced
PO. contraction shows that PO appears to exert
PO potentiated the ACh-induced con-additional effects atlow doses (0.1 pg/ml PO
traction in a concentration range of 0.1 to 18 602 nM), suggesting multiple mechanisms
pg/ml. PO also blocked the contractions inef action.
duced by ACh (applied at concentrations The effect of PO on the component of
causing a submaximal effect) and by 60 mMACh-induced contraction which was not
K* (Figure 1D), with 1G, values of 97.9 + blocked by a concentration of nifedipine
14.4 yg/ml (N =9), and 61.7 + 13.8 pg/ml (Nsufficient to fully block the K-induced con-
= 6), respectively. These values were ndtaction is shown in Figure 2A. PO reduced
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Figure 1 - Effect of piperitenone oxide on spontaneous tonus and contractions induced by 60 mM K*, tetraethylammonium (TEA) and acetylcholine
(ACh). A, Kymograph recording showing relaxation of the spontaneous muscle tonus induced by increasing concentrations of piperitenone oxide. Filled
circles show the moment of application of (from left to right) 1, 3, 10, 30, 100, 200, 400 and 740 pg/ml piperitenone oxide. Open circle indicates the
wash step. Line interruption, 25 min with kymograph stopped. On the left, two contractions induced by 60 mM K+ (K* contraction) are shown. Note the
recovery of spontaneous tonus after washing piperitenone oxide. B, Graph showing the quantification of the relaxation of the spontaneous tonus
induced by piperitenone oxide. C, Graph showing piperitenone oxide-induced relaxation of muscles contracted in the presence of 60 mM K* (open
circles) and TEA (5 mM, filled lozenges). Ordinate, contraction amplitude as percentage of the contraction before application of piperitenone oxide. D,
Graph showing piperitenone oxide-induced blockade of K* contraction (open circles) and concentrations of ACh for the submaximal response (filled
triangles). Ordinate, same as in C. *P<0.05 compared to control (Dunn’s test).
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Figure 2 - Effect of piperitenone
oxide (PO) on the components
of acetylcholine (Ach) contrac-
tion which is not blocked by ni-
fedipine (Nif) or EGTA and Ca2+
removal from the bath solution.
Aand B, Kymograph recording
showing a typical experiment in
which piperitenone oxide
blocked the contraction pro-
moted by ACh in the presence
of nifedipine (A) or of EGTA and
after CaZ* removal from the nu-
trient solution (B). The nifedipine
concentration (0.3 ug/ml) was
enough to completely block the
contraction induced by 60 mM
K*. K+, 60 mM; Ach, 60 uM in A
and B; PO, 200 pg/ml; EGTA,
0.2 mM. Horizontal bars above
the recording indicate when the
preparation was exposed to the
substance or ionic species; the
kymograph was stopped during
the application of EGTA or ni-
fedipine and during the first four
subsequent minutes. Same
horizontal calibration for all trac-
ings (1 min).
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depressant activity on intestinal smooth
A muscle. This effect is likely to be caused, at
least partially, by an intracellular inhibitory
action on smooth muscle since 1) it occurred
in the presence of 60 mM*Ka situation in
which action potentials are unlikely to occur
due to inactivation of the fast sodium chan-
nel, 2) it did not depend on the plasmalemmal

Nif Nif Nif

Ach
ACh ACh ACh
ﬂ PO ﬂ

o= membrane mechanisms investigated, i.e., al-
B teration of transmembrane potential, open-
K* ACh EGTA K* EGTA K+ EGTA ing of K* channels, and closure of voltage-
dependent Cachannels, and 3) it blocked
. both the extracellular and intracellular com-
e e s ponents of Ach contraction.
~ R _L Therefore, the present data suggest that

PO, an important constituent of the extract

of many Mentha species, is a nonspecific

depressant of intestinal smooth muscle. Fur-

the amplitude of this nifedipine-insensitivether experiments are required to elucidate

component, which did not depend on?Ca the mechanism of action of PO.
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